Abstract Hedyotis and related genera (here called the Hedyotis-Oldenlandia complex) are highly debated groups in the Rubiaceae family with no consensus to date on their generic delimitations. The present study focuses on Asian-Pacific taxa from these groups and aims at resolving taxonomic inconsistencies by describing monophyletic genera within the complex. The generic circumscriptions presented in our study are based on the phylogenetic trees of nuclear (ITS, ETS) and plastid (petD, rps16) sequence data inferred using Bayesian and maximum likelihood methods. Morphological key features of the group such as habit, fruit type, seed form, and pollen type are studied and compared with the phylogeny to characterize the clades. Based on these results, the Asian-Pacific members are placed in 14 monophyletic groups across the Hedyotis-Oldenlandia complex. Of these, we accept and circumscribe 13 monophyletic genera:
INTRODUCTION
The Hedyotis-Oldenlandia complex is one of the most enigmatic groups in Rubiaceae due to a wide range of morphological diversity observed and the long standing taxonomic complexity with conflicting generic delimitations. The group comprises approximately 500-600 species (Groeninckx & al., 2009a; Govaerts & al., 2014) , most of which have an herbaceous to suffrutescent habit with a few groups forming small trees. A large number of generic names exist for taxa included in the group, but the most commonly recognized ones are: Arcytophyllum Willd ex Schult. & Schult.f., Exallage Bremek., Hedyotis L., Houstonia L., Kadua Cham. & Schltdl., Kohautia Cham. & Schltdl., Neanotis W.H.Lewis, and Oldenlandia L. The complex was traditionally assigned to tribe Hedyotideae Cham. & Schltdl. ex DC. but is now part of Spermacoceae Cham. & Schltdl. ex DC. (Bremer, 1996; Andersson & Rova, 1999; Bremer & Manen, 2000) . The generic limits within the complex are also not clear-cut due to overlapping morphology in the characters used for delimiting the genera. Furthermore, several genera in the complex were found to be non-monophyletic in recent phylogenetic analyses (Kårehed & al., 2008; Groeninckx & al., 2009a) . This necessitates that we either (1) split the complex into smaller natural and monophyletic units or (2) lump all members (> 1000 species) of tribe Spermacoceae into a single genus Spermacoce L. The former choice (splitting) would result in a large number of genera, sometimes comprising only a few species, and the morphological characterization would be difficult at times. The latter choice (lumping) would result in a morphologically very diverse genus making it almost impractical for any type of identification and botanical inventory.
Following studies at both the morphological (Terrell & Robinson, 2003; Neupane & al., 2009; Groeninckx & al., 2009b Groeninckx & al., , 2010a and molecular levels (Kårehed & al., 2008; Groeninckx & al., 2009a; Guo & al., 2013; Wikström & al., 
MATERIALS AND METHODS
Taxon sampling. -A total of 291 accessions were chosen for this study. Of these, 37 accessions were newly sampled, belonging to 27 species. The present study expands on previous work (Wikström & al., 2013) by adding recent collections from China and Thailand. These new samples represent Dimetia, Thecagonum, and Scleromitrion (sensu Guo & al., 2013) . Further, due to morphological similarities between some taxa we were also interested in the phylogenetic positions of Hedy otis coronaria and Oldenlandia ovatifolia in relation to our new additions of Hedyotis oligocephala (Pierre ex Pit.) Fukuoka and Oldenlandia krewanhensis Pierre ex Pit. from Thailand. Therefore, adding more specices from these groups from our new collections allowed us to test their positions in the Hedyotis-Oldenlandia complex phylogeny.
We will not discuss Kadua and Neanotis in detail in this paper as earlier studies (Guo & al., 2013; Wikström & al., 2013) have already shown them to be monophyletic with their own unique morphological traits. In order to avoid confusion with synonyms and until new generic combinations are provided, the names of the species discussed in the present study follow Govaerts & al. (2014) in all groups except for Hedyotis s.str. and Neanotis. Names in these two genera follow those given by Wikström & al. (2013) .
DNA extraction, amplification, and sequencing. -DNA was extracted from silica-dried and herbarium material with the DNeasy Plant Kit (Qiagen, Valencia, California, U.S.A.). Four DNA regions, two from the nuclear (ITS, ETS), and two from the plastid genome (petD, rps16) were selected for amplification. These regions were selected in order to add our new samples to already existing datasets from an earlier study (Wikström & al., 2013) . The primers used for amplification are listed in Table 1 . Amplifications were performed in a 25 µl reaction mixture composed of 1 µl of each primer (10 µM), 1 µl of DNA template, 1.25 µl of DMSO, 12.5 µl of GoTaq Green Master Mix (Promega, Madison, Wisconsin, U.S.A.), 8 µl of water and with or without 0.25 µl of BSA (1%). The amplification protocol for nuclear and chloroplast regions follows Kåre-hed & al. (2008) and Groeninckx & al. (2009a) respectively.
Sequence alignment and phylogenetic reconstruction. -Sequences were aligned using MAFFT v.7 (Katoh & Standley, 2013) , followed by manual adjustments for the chloroplast regions. Inversions were identified in the petD and rps16 regions and were reverse complemented to align with the dataset. The dataset was partitioned by gene regions (ITS, ETS, petD, rps16) and tested for optimum partition schemes and substitution models (for each partition) using PartitionFinder v.1.1.1 (Lanfear & al., 2012) . PartitonFinder was set to use heuristic search algorithm under Bayesian information criterion Version of Record (BIC) that resulted in three subsets (ITS, ETS, plastid) as the best-fit partition schemes and GTR + I + Γ as the best model for all three subsets. To infer the phylogeny, Bayesian and maximum likelihood methods were used for the combined (with the identified partitions concatenated) as well as single-gene regions. Bayesian inference was performed using MrBayes v.3.2 (Ronquist & al., 2012) with 15 million MCMC iterations. Maximum likelihood (ML) tree search was performed in Garli v.2.01 (Zwickl, 2006) with 20 independent search replicates where the tree with the best likelihood was chosen for the study. Bootstrap support (BS) for the clades was also obtained using Garli (Zwickl, 2006) with 500 bootstrap replicates. The bootstrap values were calculated from these replicates and placed on the best ML tree using the SumTrees v.3.3.1 program in the DendroPy v.3.12.0 Python package (Sukumaran & Holder, 2010) . MrBayes and Garli searches were conducted on CIPRES (Miller & al., 2010) and bioinformatics facility cluster at the University of Connecticut, Storrs.
Habit. -Members of Hedyotis-Oldenlandia complex show a wide range of life forms. The coding of these character states was made from herbarium specimens and/or literature data. Accordingly, these life-forms were categorzied into herbs (annual or perennial/suffrutiscent herbs), climbers, shrubs, and small trees.
Fruit and seed morphology. -Fruit dehiscence pattern in various clades was determined from our personal obervation of herbarium and fresh specimens and through literature reviews. Morphological studies of seed shape and seed coat were performed on representative species from all clades from the AsiaPacific region. Seeds collected from herbarium specimens were mounted on aluminium stubs, coated with gold, and observed under a JEOL 5800 LV Scanning Electron Microscope at the National Botanic Garden of Belgium. Seed shape and seed coat (testa) ornamentations were investigated following the descriptions in Stern (1966) and Dessein (2003) .
Pollen morphology. -For the palynological study all samples were obtained from herbarium specimens (Table 2) . Pollen grains were acetolyzed following Reitsma's "wetting agent method" (Reitsma, 1969) . The acetolyzed samples were studied using both light microscopy (LM) and scanning electron microscopy (SEM). Pollen for SEM were rinsed in ethanol 70% or 96%, pipetted on a stub, and left to dry. Prior to observations under the SEM, the stubs were coated with gold using a SPI-MODULETM sputter coater. Observations and digital images were made under a JEOL 5800 LV Scanning Electron Microscope at the National Botanic Garden of Belgium. Measurement of polar axis length (P) and equatorial diameter (E) were performed on 10 grains of each specimen. Pollen features such as shape, aperture type, number of apertures, and sexine pattern were examined. Terminology for the description of pollen follows Punt & al. (2007) .
RESULTS
Molecular phylogeny. -The phylogenetic trees obtained from MrBayes and Garli runs showed no major topological incongruence for the clades discussed below. The clades supported in the ML analysis (BS ≥ 60%) were also supported in the Bayesian analysis (Bayesian posterior probability, BPP ≥ 0.95). However, intercladal relationships varied between the analyses. The major clades resolved in the Hedyotis-Oldenlandia complex in the phylogeny obtained from the combined nuclear and plastid data (ITS + ETS + petD + rps16) are: Edrastima-Agathisanthemum/Lelya ( Fig. 1 ; BS = 100%, BPP = 1), Arcytophyllum/Houstonia ( Fig. 1 ; BS = 95%, BPP = 1), Dentella-Pentodon ( Fig. 1 ; BS = 98%, BPP = 1), Kohautia ( Fig. 1 ; BS = 100%, BPP = 1), Neanotis ( Fig. 1 ; BS = 100%, BPP = 1), Pentanopsis ( Fig. 1 ; BS = 100%, BPP = 1), Hedyotis s.str. (Fig. 1 clade A & Fig. 2 ; BS = 100%, BPP = 1), an AsianPacific clade containing Scleromitrion/Kadua/Leptopetalum/ Dimetia/Exallage and two groups (clades I and II) with no available names ( Fig. 1 clade C & Fig. 4 ; BS = 72%, BPP = 1), and a clade containing Cordylostigma/Oldenlandia/Spermacoce ( Fig. 1 clade B & Fig. 3 ; BS = 95%, BPP = 1). The ML tree (Figs. 1-4) obtained from the Garli analysis is used as a basis for the discussion below.
The results from the current analyses confirmed results obtained by Wikström & al. (2013) , but also identified additional supported clades. There were no major conflicts between Wikström & al. (2013) and the present study with respect to the monophyly of the clades being discussed. The major groups from Asia-Pacific regions that were well supported in Wikström & al. (2013) and in the present study are: (1) an AsianPacific clade (clade C, Fig. 4 ) that includes Dimetia (BS = 82%, BPP = 0.99), Exallage (BS = 87%, BPP = 1), Scleromitrion (BS = 61%, BPP = 1), Leptopetalum (BS = 100%, BPP = 1), and Kadua (BS = 100%, BPP = 1); (2) Hedyotis s.str. GTGGTAGAAAGCAACGTGCGACTT TCGGGATCGAACATCAATTGCAAC Oxelman & al. (1997 ) Oxelman & al. (1997 Version of Record (petD, rps16) data. Names next to vertical bars are the major clades resolved in the recent molecular phylogenetic studies (Kårehed & al., 2008; Groeninckx & al., 2009a; Guo & al., 2013; Wikström & al., 2013 (Bremekamp, 1952) were re-evaluated and recognized as a new genus (Edrastima) in this study. Neanotis is exclusively AsianPacific taxa discussed in Wikström & al. (2013) . Values at the nodes represent bootstrap support (BS). Values in parenthesis are Bayesian posterior probabilities (BPP) that are shown only for the major clades. 
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(1)
Oldenlandia stricta cC023 
Constomium zoutpansbergense BremerEtAl4331
Version of Record Value in parenthesis is the Bayesian posterior probability (BPP).
Hedyotis bodinieri cB012

Hedyotis benguetensis cB026
Hedyotis paridifolia TM3165
Hedyotis stylosa bS34
Hedyotis tenuipes bZ037
Hedyotis hainanensis cB028
Hedyotis shiuyingiae cB018
Hedyotis philippensis cB043
Hedyotis caudatifolia cB027
Hedyotis megalantha aT99
Hedyotis schlechteri cA092
Hedyotis nodulosa bS26
Hedyotis articularis bP48
Hedyotis novoguinensis SKP946
Hedyotis lessertiana var. marginata
Hedyotis decora cB005
Hedyotis cantoniensis cA056
Hedyotis prostrata bZ043
Hedyotis lawsoniae aT98
Hedyotis fruticosa aT85
Hedyotis marginata SN72
Hedyotis gardnerii bS016
Hedyotis cathayana TM3214
Hedyotis cf. SN193
Hedyotis lessertiana var. lessertiana Hedyotis mellii bZ036
Hedyotis parryi cB057
Hedyotis ceylanica cC016
Hedyotis pulchella bZ029
Hedyotis ternata bZ027
Hedyotis tetrangularis cB052
Hedyotis thwaitesii SN79
Hedyotis vachellii cB007
Hedyotis pubescens cB042
Hedyotis lancea cB003
Hedyotis ovata VH048
Hedyotis sp. bZ024
Hedyotis consanguinea aT79
Hedyotis acutangula cB002
Hedyotis flavescens SN61
Hedyotis rivalis bZ035
Hedyotis caudatifolia cB037
Hedyotis valetoniana bZ030
Hedyotis minutopuberula TM3219
Hedyotis verticillaris bS39
Hedyotis fissistipula cB019
Hedyotis effusa aT081
Hedyotis macrostegia
Hedyotis assimilis cB055
Hedyotis paridifolia TM3167
Hedyotis bracteosa cB004
Hedyotis uncinella bZ038
Hedyotis ceylanica cC017
Hedyotis quinquenervia aT97
Hedyotis trimenii bS37
Hedyotis membranacea SN78
Hedyotis sp. cA050
Hedyotis tridentata bS36
Hedyotis novoguinensis cA093
Hedyotis sp. bZ022
Hedyotis korrorensis aT83
Hedyotis purpurascens cC032
Hedyotis cheniana TM3190
Hedyotis swertioides
Hedyotis coprosmoides bS14
Hedyotis rhinophylla aT90
Hedyotis obscura bS29
Hedyotis cryptantha TM3202
Hedyotis communis cA055
Hedyotis dendroides bS2
Hedyotis rigida bZ042
Hedyotis nutans bS27
Hedyotis sp. NSuphuntee718
Hedyotis ceylanica bS7
Hedyotis sp. cB011
Hedyotis kurzii SN187 Version of Record 
Crusea calocephala GustafssonEtAl215
Crusea megalocarpa Pringle3852
Cordylostigma obtusilobum Luke9035
Oldenlandia erecta SN2 Asia
Oldenlandia capensis var. capensis Oldenlandia wiedemannii
Mitracarpus frigidus AnderssonEtAl1995
Spermacoce verticillata DeBlockEtAl632
Diodia spicata AndersonEtAl1961
Dibrachionostylus kaessneri Strid2598
Manettia alba AnderssonEtAl1917
Spermacoce capitata Andersson1908
Mitracarpus microspermus JansenJacobsEtAl4785
Emmeorhiza umbellata HummelSineNumero
Richardia brasiliensis DeBlockEtAl904
Spermacoce remota AnderssonEtAl2016
Oldenlandia umbellata SN84
Oldenlandia corymbosa bB72
Spermacoce ruelliae Nilsson2296
Spermacoce prostrata AnderssonEtAl2078
Oldenlandia sp cC034
Diodella teres DeBlockEtAl793
Spermacoce hispida Diodia aulacosperma Luke9029
Richardia scabra AnderssonEtAl2073
Cordylostigma virgatum DeBlockEtAl539
Oldenlandia nematocaulis
Ernodea littoralis RovaEtAl2286
Manettia lygistum AnderssonEtAl2128
Richardia stellaris Egeroed85343
Galianthe brasiliensis Radovancick996
Bouvardia glaberrima ForbesSineNumero
Galianthe eupatorioides Schinini Cristobal9811
Spermacoce cB040 Oldenlandia erecta cB024
Oldenlandia duemmeri cB041
Cordylostigma microcala
Oldenlandia salzmannii Nesohedyotis arborea
Oldenlandia densa robinsonii bB92
Oldenlandia tenuis
Cordylostigma virgatum cB032
Oldenlandia umbellata cC025
Spermacoce ocymifolia Bremer3340
Oldenlandia corymbosa SN114
Spermacoce filituba Luke9022
Spermacoce flagelliformis DeBlockEtAl794
Spermacoce erosa Harwood1148 Version of Record Other predominantly African groups, but with representative species from Asia-Pacific are Edrastima ( Fig. 1 ; BS = 99%, BPP = 1), Kohautia ( Fig. 1 ; BS = 100%, BPP = 1), Pentanopsis ( Fig. 1 ; BS = 100%, BPP = 1), and Oldenlandia s.str. (Fig. 3 ; BS = 96%, BPP = 1).
Habit (Table 3 ). -The Hedyotis-Oldelandia complex exhibits a wide diversity of growth forms in the Asia-Pacific region (Table 3 The information was compiled from Fosberg & Sachet (1991) , Terrell & Robinson (2003 , Dutta & Deb (2004) , Terrell & al. (2005) , Neupane & al. (2009 ), Groeninckx & al. (2010c , Chen & Taylor (2011) , Wikström & al. (2013) , Govaerts & al. (2014) and from our personal observations. The number of species for each clade was estimated by using the species list in Govaerts & al. (2014) and studying their morphological features described in the literature, and from our personal observations of herbarium specimens and online databases. (Table 3 ). -The Asian Pacific Hedyotis-Oldenlandia complex shows diversity in seed shape and seed coat (testa) ornamentation. The seeds in Asian-Pacific Hedyotis-Oldenlandia complex were characterized into three basic types based on their shapes: (Type 1) trigonous (Fig. 7J , K, O, P) to bluntly angular appearing conoidal (Fig. 7D, E) or irregular (Fig. 7A-C) ; (Type 2) dorsiventrally flattened (Fig. 7I) , plano-convex (Fig. 7F-H) or cymbiform (Fig. 7Q, R) ; or (Type 3) globose or sub-globose ( Fig. 7L-N) . Exotestas are reticulate of various types from simple reticulate to reticulateareolate, reticulate with polygonal wall, and reticulate-foveolate appearing pitted. Details of seed shape and seed coat ornamentations are summarized in Table 3 . Seed morphological features played an important role in characterizing Debia, Dimetia, Hedyotis s.str., Involucrella, and Leptopetalum.
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Pollen morphology (Table 3 ). -Pollen are all isopolar and radially symmetrical. The pollen shape in the complex ranges from oblate-spheroidal to subprolate (suboblate in few samples of Neanotis ingrata) with the majority of species characterized by oblate-spheroidal and/or prolate shapes. Apertures in all species of the complex are zonoaperturate (positioned along the equator) and compound types comprising an external colpus, a mesoporus and an endoaperture. Based on aperture number, three types of pollen were distinguished: (Type 1) pluriaperturate, as in Neanotis (Fig. 8D) ; (Type 2) ectocolpi four to occasionally five, as in members of Dimetia (Hedyotis capitellata Wall. ex G.Don, H. scandens Roxb., Oldenlandia hedyotideae (DC.) Hand.-Mazz.) and Kohautia (Fig. 8A-C) ; and (Type 3) ectocolpi in combination of three and four with one of the type being more common than the other in the rest of the clades (Fig. 8E) . The endoaperture was an endocingulum in the members of clades II, Dimetia, Exallage, Hedyotis s.str., and Neanotis (Fig. 8F ) whereas a lalongate endocolpus in the Kohautia, Oldenlandia and Scleromitrion clades (Fig. 8G) . The mesoporus in the members of Kohautia is unique by having a special thickening (annulus) around it. Sexine patterns vary across the Hedyotis-Oldenlandia complex exhibiting perforate (Fig. 8H) , microreticulate (Fig. 8I, K (Fig. 8H, I, K) . The colpus appears sealed in the members of clade II (Fig. 8L) . Muri are beset with supratectal elements (which are often granules) in most of the species within the complex particularly in Dimetia, Exallage, Hedyotis s.str., and clade II. In the case of double reticulum, granules are usually found on the infra-reticulum zones. Unique pollen features were found to be taxonomically significant traits in Neanotis and Kohautia.
DISCUSSION
According to the present analysis, members of the Hedyotis-Oldenlandia complex from the Asia-Pacific region fall in 14 distinct clades ( Figs. 1-4 ; Table 3 ). This result is in agreement with Wikström & al. (2013) . The generic status of Dentella, Hedyotis, Kadua, Kohautia, Neanotis, Oldenlandia, and Scleromitrion has been well treated before (see Terrell & al., 2005; Groeninckx & al., 2010c; Guo & al., 2013; Wikström, 2013 ) and will not be repeated below. However, nomencluatural changes were made for the new samples that now belong to Scleromitrion (sensu Guo & al., 2013) . The remaining seven clades will be discussed below. The proposed new genera along with a summary of the morphological traits and geographical distribution for each group is provided in Table 3 .
Clade I (Fig. 4) 
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ex DC. Terrell & Robinson (2007) suggested the exclusion of Oldenlandia ovatifolia from the group due to the lack of a depression in the seeds and a different type of capsule. Their suggestion is supported by the molecular phylogenetic studies of Guo & al. (2013) , Wikström & al. (2013) and the present study. Oldenlandia ovatifolia was resolved sister to the Exallage/Dimetia clade in Wikström & al. (2013) . Clade I is a newly resolved clade of primarily Southeast Asian species that includes Hedyotis oligocephala, Oldenlandia krewanhensis, and O. ovatifolia (Fig. 5A-C) . Of these, Oldenlandia krewanhensis and Hedyotis oligocephala were described by Pitard (1922) from the Indo-China region. Oldenlandia krewanhensis is morphologically very similar to another Southeast Asian species, Hedyotis andamanica Kurz described from the South 
Andaman Islands (India). We did not include Hedyotis andamanica in our study but based on our observation of herbarium specimens, H. andamanica and Oldenlandia krewanhensis are probably conspecific. Therefore, due to morphological similarity, we choose to recognize clade I at the rank of genus, and the new genus Debia Neupane & N.Wikstr. is described including the species of clade I (see below). The genus is named in honour of Debendra Bijoy Deb (1924 Deb ( -2013 who contributed extensively to the taxonomy of Indian Hedyotis-Oldenlandia complex.
Clade II (Fig. 4) . -This clade includes the morphologically different Hedyotis coronaria and Oldenlandia chereevensis (Fig. 5D, E) . The former was resolved with Spermacoce hispida L. in the study by Wikström & al. (2013) . However, all H. coronaria samples from our recent collections are resolved sister to Oldenlandia chereevensis. We rechecked the specimen included in Wikström & al. (2013) and found it to be Spermacoce sp., incorrectly determined as Hedyotis coronaria. Guo & al. (2013) Involucrella was characterized by its terminal and capitate inflorescence having sessile flowers and surrounded by leaf bases and fimbriate stipules. The other species resolved in the clade, Oldenlandia chereevensis, has a distinct morphology with an erect and perennial habit up to 50 cm high and with obconical capsules. Oldenlandia chereevensis was described by Pitard (1922) from the Indo-China region under "O. sect. Euoldenlandia" (not validly published; Art. 21.3). Although Hedyotis coronaria and Oldenlandia chereevensis do not appear similar in their gross morphology, they share a unique seed structure by having 3-5 pits/depressions on either side of the seed (Fig. 7E) . In our phylogeny, clade I and clade II were resolved sister in the nuclear trees for both combined (ITS + ETS, Electr. Suppl.: Fig. S1 ) and separate nuclear genes analysis. However, in the combined nuclear and plastid trees (ITS + ETS + petD + rps16), Hedyotis coronaria and Oldenlandia chereevensis form a clade separate from clade I. Hence, we elevate Bentham & Hooker's sect. Involucrella to the rank of genus and combine Oldenlandia chereevensis under this generic name.
Dimetia (Fig. 4) . -"Dimetia" was first mentioned by Wight & Arnott (1834) (1873) and Hooker (1880) discussed these groups in detail along with others as sections with the distinction between Dimetia and Diplophragma being the apex of the capsule protruded between the calyx lobes in the former and absence of such feature in the latter. Despite the lack of good morphological synapomorphies, Guo & al. (2013) merged Dimetia with Exallage and recognized the group under the generic name Dimetia. However, in Wikström & al. (2013) and in the present study, Dimetia is clearly a monophyletic group resolved sister to Exallage. Furthermore, upon close examination of capsule features of Dimetia, it appears that the mode of septicidal dehiscence in the group is different from Hedyotis s.str. In Dimetia, the capsules divide loculicidally from the apex followed by partly or complete septicidal dehiscence (Fig. 6B, C) , whereas in Hedyotis s.str. capsules first divide along the septum followed by a split along the locules (Fig. 6A) . Seeds of Dimetia (Fig. 7F-H) and Hedyotis s.str. (Fig. 7I ) both have flattened seeds (fruticosa type seeds) with Dimetia further characterized by having a narrow ring of wing around the seed. Dimetia differs from Exallage by having dehiscent fruits, flat and sometimes winged seeds and terminal inflorescences. Whereas in Exallage fruits are indehiscent (Fig. 6D) , seeds are trigonous and inflorescences are terminal and axillary cymes. Members of Dimetia are also unique in the complex by having a lianescent habit (Fig. 5K, L (Fig. 5K, L) .
Edrastima (Fig. 1) Bremekamp (1952) distinguished Oldenlandia subg. Anotidopsis based on non-slimy seeds when moistened, subglobose stigmas, distinctly beaked capsules, glabrous corolla tubes, and leaves with bifid or bipartite interpetiolar stipules. Oddly, these African species are morphologically similar to the Asian Hedyotis trinervia and the American Oldenlandia uniflora L. The recent phylogeny by Wikström & al. (2013) also confirms this relationship and supported Oldenlandia subg. Anotidopsis as a monophyletic clade sister to Agathisanthemum Klotzsch and Lelya Bremek. These findings support that Oldenlandia subg. Anotidopsis is better circumscribed in Bremekamp's (Bremekamp, 1952) sense instead of that of Bentham & Hooker (1873) , Hooker (1880) and Pitard (1922) . We choose to recognize Bremekamp's O. subg.
Anotidopsis at the rank of genus using the earliest available generic name, Edrastima Raf. Five species are combined under Edrastima (see below).
Exallage (Fig. 4) . -The members of this genus are distributed in the entire Asia-Pacific region. However, one of its species, Exallage auricularia (L.) Bremek., is also found in tropical Africa and was probably introduced there recently (Bremekamp, 1952) . Exallage auricularia (as Hedyotis) was originally proposed as lectotype of Hedyotis, but due to a mismatch between the protologue and fruit type in Exallage auricularia (indehiscent fruits) Bremekamp (1939 Bremekamp ( , 1952 dismissed this idea and suggested Hedyotis fruticosa L. as the type. Following Bremekamp's suggestion, Hedyotis fruticosa has been accepted as the conserved type of the genus (Jarvis, 1992; Barrie, 2006) . One character that sets Exallage apart from the rest of the Hedyotis-Oldenlandia complex is its primarily hard (cartilaginous) and indehiscent fruits (nuts; Fig. 6D ). Bremekamp (1952) (Fig. 5F ) and H. paradoxa, no such slits were apparent. Guo & al. (2013) found this group unresolved in their plastid gene tree. Hence, they expanded the group to include other taxa with dehiscent fruits and described it as an emended Dimetia. However, their emended Dimetia does not have any usable morphological synapomorphy (comprising species with both dehiscent and indehiscent fruits), and the lack of resolution in their plastid gene trees may simply be due to the lack of phylogenetic signal. The study by Wikström & al. (2013) and the present study provide support for the monophyly of Exallage in the nuclear tree (both separate and combined analysis). Accordingly, we accept the generic status of Exallage as proposed by Bremekamp (1952) . Other morphological features, although not exclusive to this group, are suffrutescent habit, seeds bluntly trigonous with reticulate surface, pollen grains 3-4-colporate with endocingulum as endoaperture, and a double reticulate sexine.
Leptopetalum (Fig. 4 ). -Leptopetalum (sensu Fosberg & Sachet, 1991) comprises a group of five species from the Pacific, broadly redefined by Fosberg & Sachet (1991) and is characterized by 4-angular or 4-winged/angled capsules with globose and deeply pitted seeds. Leptopetalum and Thecagonum were never thought to be related to each other until Wikström & al. (2013) found that two members of Lepto petalum were resolved within Thecagonum. Corresponding relationships, with Leptopetalum nested inside Theca gonum, are supported in the present analyses and Thecagonum can therefore not be treated as a separate genus, as done by Guo & al. (2013) . The different species of Leptopetalum are morphologically diverse and differ from Thecagonum by their woody habit and corolla shapes. However, upon closer examination of seed features, all members of Thecagonum and one of the species of Leptopetalum (L. foetidum Neupane & N.Wikstr.) are characterized by being glabrous throughout, and ovoid or obtusely angulate seeds appearing pitted due to the shallow depressions bordered by thick and sinulate walls. Based on these features, we choose to recircumscribe Leptopetalum Hook. & Arn., by expanding it to also include members of Thecagonum. The name Leptopetalum must be chosen due to the priority of publication of the name Leptopetalum over Thecagonum. Leptopetalum Hook. & Arn., as recircumscribed here, includes members of Leptopetalum (sensu Fosberg & Sachet, 1991) and Thecagonum Babu (excluding O. ovatifolia) .
The Pentanopsis clade (Fig. 1 ). -The members of this clade are primarily distributed in Africa and Madagascar. It includes Amphiasma Bremek., Conostomium (Stapf) Cufod., Gomphocalyx Baker, Manostachya Bremek., Pentanopsis Rendle, Phylohydrax Puff and five other species treated under Oldenlandia (Kårehed & al., 2008; Groeninckx & al., 2009a (Bremekamp, 1952) . Despite the strong molecular support for the Pentanopsis clade, the members of this clade are morphologically very diverse and difficult to characterize (Groeninckx & al., 2009a) . Due to lack of sufficiently many specimens of Amphiasma, Pentanopsis and related taxa in the Pentanopsis clade, we cannot ascertain and characterize the taxonomic position of three sampled Asian species (Oldenlandia affinis, O. stricta, O. viarum) in relation to Pentanopsis. We must wait until more specimens from the Pentanopsis clade become available to define generic limits in this group.
NOMENCLATURE CHANGES
The following list contains species with their new generic status and basionyms. 
